It is therefore plausible to hypothesize that a reduction in skeletal muscle mass mediated by proinflammatory cytokines may contribute to impairments in performance, function, and disability. Such an association has been difficult to show in population and clinical studies, possibly due to the labile nature of circulating proinflammatory cytokines. There is physiological rationale for the measurement of soluble cytokine receptors as plasma concentrations reflect the chronic history of inflammatory immune activation (9) . Furthermore, sIL-6Rs prolong the half-life of IL-6 in plasma (10) and enhance the signaling of IL-6 even in tissues lacking membrane-bound IL-6R (11, 12) . sTNFRs are induced by IL-6 (13) and neutralize the effects of TNFa by preventing the interaction of the cytokine with membrane-bound receptors (14) . For this reason, soluble cytokine receptors rather than cytokines themselves were measured as markers of chronic inflammation in this cohort.
It was hypothesized that the poor level of performance of the AAh cohort may be due to a high level of chronic inflammation as indicated by elevated soluble cytokine receptors. This investigation examines the association of soluble cytokine receptors and CRP with body composition, physical performance, functional limitations, and disability.
Methods

Referent Population and Study Sample
The sampling and data collection procedures of AAh have been previously described in detail (1, 3) . Briefly, AAh is a population-based longitudinal study of 998 men and women aged 49-65 years at baseline, initiated to examine key issues of disability and frailty among urban-dwelling African Americans. Sampling was designed to recruit approximately equal proportions of participants from two socioeconomically diverse strata. One group was from a poor, inner-city area of St Louis, Missouri, and the other was from suburbs adjacent to the north and west of the city. Inclusion criteria were the following: (a) self-reported black or African American race; (b) birth year from 1936 to 1950, inclusive; and (c) Mini-Mental State examination score of 16 or greater. Baseline evaluations were done between 2000 and 2001, and the response rate was 76%. The eligible study sample for the current investigation included 368 participants who donated blood at baseline. Of this group, there were 349 participants for whom complete data were available on all laboratory measures, and these participants were included in the current study.
Laboratory Methods
Blood was drawn for laboratory analyses shortly after the baseline, in-home assessment, or at the time of further clinical examinations required for special substudies. Serum was stored until analysis for cytokines in 2006. Adiponectin was determined using a commercially available radioimmunoassay kit (Linco Research, St Charles, MO), with intra-assay and interassay coefficients of variation (CVs) of 5.3% and 8.1%, respectively. CRP was measured with a commercially available high-Sensitivity enzyme Immunoassay (hsCRP eLISA) kit from MP Biomedicals (Orangeburg, NY). The intra-assay and interassay CVs were 4.5% and 4.1%, respectively. Soluble IL-6R was measured with an eLISA kit from ICN-Biomedicals (Costa Mesa, CA). The intra-assay and interassay CVs were 5.0% and 5.9%, respectively. Soluble TNFR1 and sT-NFR2 were measured using eLISA kits (BioSource, Camarillo, CA). Intra-assay and interassay CVs were 4.1% and 7.3% for sTNFR1 and 5.1% and 8.6% for sTNFR2.
Functional Status and Body Composition
Disability was assessed using activities of daily living scales. Basic activities of daily living (BADLs) included seven items (bathing, dressing, eating, transferring bed or chair, walking across a room, getting outside, and using toilet) from the Second Longitudinal Study of Aging (LSOA-II) (15) . Instrumental activities of daily living (IADLs) included eight items (preparing meals, shopping for groceries, managing money, making phone calls, doing light housework, doing heavy housework, getting to places outside walking distance, and managing medications) from LSOA-II (15) and Lawton and Brody (16) . Lower body functional limitations (LBFLs) included five items (walking a quarter of a mile, walking up and down 10 steps without rest, standing for 2 hours, stooping or kneeling, and lifting 10 pounds), and upper body functional limitations (UBFLs) included three items (reaching overhead, reaching out as if to shake hands, and reaching out to grasp an object). LBFL and UBFL items were from the Nagi's (17) Physical Performance Scale. BADL, IADL, and LBFL scales were scored as the sum of items on which participants reported difficulty performing a task, and scores on each of these scales were dichotomized as 0-1 difficulty versus 2 or more difficulties. UBFL were scored as the total number of items on which participants reported difficulty performing a task, and scores were dichotomized as no difficulty versus 1 or more difficulties.
Physical performance was measured using the Short Physical Performance Battery (SPPB) (18, 19) . The SPPB is a summary measure of lower body performance based on three component tasks: standing balance, chairs stands, and usual walking speed. each component task was scored as 0-4 (range 0 = worst to 4 = best), and a composite score was computed as the sum of scores on component tasks as 0-12 (range 0 = worst to 12 = best). Complete details on the composite SPPB score in AAh are provided by Miller and colleagues (19) . Isometric grip strength was assessed using a handgrip dynamometer (Fabrication enterprises, Inc., Irvington, NY). The mean of three maximal effort trials with the self-reported stronger hand was used in these analyses. The test was performed seated in a chair (without arm rests), with feet flat on the floor and the stronger arm held flat against the side with the elbow at 90°. Lean body mass percentage (LBM%) was assessed using a Tanita 2204 Ultimate Scale (Tanita Corporation of America, Inc., Arlington heights, IL) and determined as 1 minus percent body fat.
Statistical Analysis
Analyses were performed using SPSS, version 15.0 (SPSS Inc., Chicago, IL). Descriptive statistics are reported as percentages or M ± SD. Values for sIL-6R, sTNFR1, sTNFR2, adiponectin, and CRP were not normally distributed, and due to this, these variables were log transformed for all univariable and multivariable analyses. Chi-square (discrete variables) and independent samples t tests (continuous variables) were used to compare baseline characteristics of the study sample (i.e., AAh participants who donated blood at baseline) versus those not eligible for the study (i.e., AAh participants who did not donate blood or those with missing data on one or more laboratory tests). To examine the independent association of each of the cytokine receptors and CRP with each of the functional and disability outcomes, logistic regression models were computed for discrete outcomes (BADLs, IADLs, LBFL, and UBFL), and ordinary least squares regressions were computed for continuous outcomes (SPPB, maximum handgrip, and LBM%), adjusting for age and sex in each model. To assess the effect of chronic comorbidities on the associations of inflammatory markers with functional and disability outcomes, models were also computed with adjustment for chronic disease status (yes or no), including obesity, hypertension, arthritis, type 2 diabetes, stroke history, asthma, chronic heart disease, congestive heart failure, chronic obstructive pulmonary disease, cancer, and chronic kidney disease.
A factor score (linear combination of variables) was created for the sTNFR1 and sTNFR2 variables due to the high correlation between these variables and to handle multicollinearity in the ordinary least squares regressions. For consistency in the presentation of the results, the sTNFR1/sTNFR2 factor scores were used in all regression models. An alpha level of .05 was accepted as statistically significant. Table 1 provides sociodemographic, anthropometric, physical performance, functional limitation, and disability indicators of the study sample (N = 349) versus the remaining AAh participants (N = 649). The study sample was slightly older and reported higher BADLs, IADLs, LBFLs, and UBFLs than those not included herein. LBM%; handgrip strength; and serum concentrations of soluble cytokine receptors, CRP, and adiponectin are described in Table 2 .
Results
The age-and sex-adjusted associations of soluble cytokine receptor, CRP, and adiponectin concentrations with LBM%, handgrip strength, SPPB, LBFLs, UBFLs, and disability (BADLs and IADLs) are shown in Table 3 . higher sTNFR factor scores (odds ratio [OR] 1.49, p = .004) and higher CRP levels (OR 1.87, p = .041) were significantly associated with BADL of 2 or more. higher sTNFR factor scores were significantly associated with IADL of 2 or more (OR 1.60, p = 0.001), LBFL of 2 or more (OR 2.03, p < .001), and UBFL of 1 or more (OR 1.42, p = .008). Both higher sTNFR factor scores (b = −0.768, p < .001) and higher CRP levels (b = −1.296, p < .001) were significantly associated with lower SPPB scores. higher sIL-6R (b = −8.524, p = .004), higher CRP (b = −5.868, p < .001), and lower adiponectin concentrations (b = 4.655, p = .01) were significantly associated with lower LBM%. The strength of these associations was only slightly modified by substituting either sTNFR1 or sTNFR2 for the sTNFR factor score. In general, sTNFR1 predicted outcomes more strongly than did sTNFR2 (data not shown), and the factor score predicted outcomes with intermediate strength.
The age-, sex-, and comorbidity-adjusted associations of soluble cytokine receptor, CRP, and adiponectin concentrations with LBM%, handgrip strength, SPPB, LBFLs, UBFLs, and disability (BADL's and IADLs) are shown in Table 4 . Adjustment for comorbidities strengthened the association of CRP with disability, functional limitation, and physical performance outcomes to a level of significance. The associations of sIL-6R, CRP, and adiponectin with LBM% remained, although for adiponectin, the association became marginally significant (p = .051). The associations of the sTNFR factor score with BADLs, UBFLs, and SPPB did not change substantively but became marginally significant for IADLs of 2 or more (p =.060) and UBFLs of 1 or more (p = .082).
Discussion
With the aging of the population, there is increased interest in the factors leading to frailty and disability (20, 21) . The present study in late middle-aged African American men and women shows strong and independent associations of CRP and higher serum-soluble TNF receptor concentrations with poorer physical performance and higher levels of UBFLs and LBFLs and disability. The etiologies of functional limitations and disability are complex and multifactorial involving processes of physical, cognitive, social, emotional, and behavioral decline. The outcome measures used in the present study reflect different combinations of these factors and thus implicate CRP and sTNFR pathways in physical performances such as balance and walking speed and multifaceted functions from walking across a room, lifting 10 pounds and reaching overhead, to dressing, eating and managing money, and medications.
These associations were independent of underlying chronic comorbidities as indicated by our adjusted models. Kuo and colleagues (22) reported similar independent associations for CRP and disability in men and women aged 60 years and older who participated in National health and Nutrition examination Survey between 1999 and 2002 (mean age 70.2 years). CRP was also shown to be associated with disability, independent of health conditions in a population of older adults in the Sacramento Area Latino Study on Aging (23). Leng and colleagues (24) showed an age-, race-, education-, body mass index (BMI)-, and smoking status-independent association of CRP with prevalent frailty in community-dwelling older women but did not adjust for chronic conditions. The present Results of logistic regressions computed for discrete outcomes (BADLs, IADLs, LBFLs, and UBFLs) are reported as odds ratio (95% confidence intervals). Results of ordinary least squares regressions computed for continuous outcomes (SPPB, handgrip strength, and LBM%) are reported as unstandardized betas (standard errors). Models were adjusted for age, sex, obesity, hypertension, arthritis, type 2 diabetes, stroke history, asthma, chronic heart disease, congestive heart failure, chronic obstructive pulmonary disease, cancer, and chronic kidney disease. †
The sTNFR factor score was used in these analyses. Bold values were used to highlight statistically significant associations.
study contributes new and important information in addition to the studies reported earlier. Compared with the NhANeS data, the effect sizes for the CRP associations with disability were larger in our cohort (e.g., AAh: BADLs, OR 2.79; IADLs, OR 2.13 and NhANeS: BADLs, OR 1.12, IADLs, OR 1.18). These differences could be due to the outcomes analyzed; we compared difficulty in two or more IADLs with one or fewer, whereas NhANeS compared difficulty in one or more IADLs with no difficulty, or they could reflect real differences between the populations. Our African American cohort is significantly younger and has higher levels of disability and some chronic diseases than the population studied by Kuo and colleagues. The independent association of sTNFR levels with disability and functional limitations appears to be a novel finding. Beyond the comparisons we present earlier, there are no published data that allow a direct comparison of the effect of cytokines on functional limitations or disability between African American and Caucasian populations. elevated TNFa levels have been demonstrated in numerous chronic diseases including cardiovascular disease (25, 26) , rheumatoid arthritis, and inflammatory bowel disease (27, 28) , and several TNFa gene polymorphisms have been identified, one of which affects the rate of transcription of the TNFa gene (29, 30) . The AA genotype of this polymorphism (G-308A) was shown to have a frequency of 3.5% in African Americans compared with 2.4% in white Americans and has been linked to higher CRP levels (31) . This may explain partly the comorbidity independent associations of CRP with poorer physical performance, functional limitations, and disability in this cohort. Proinflammatory cytokines, such as TNFa and IL-1, stimulate the production of IL-6, which induces the production and secretion of acute-phase reactants (e.g., CRP) from the liver (32). Increased CRP levels have been associated with an increased risk of stroke, peripheral artery disease, myocardial infarction, type 2 diabetes mellitus, and metabolic syndrome (33) (34) (35) (36) (37) (38) . The AAh cohort has a high prevalence of chronic disease and risk factors associated with increased levels of proinflammatory cytokines. The prevalence of risk factors and chronic diseases in the study sample were as follows: overweight (BMI ≥25) 82%, obesity (BMI ≥30) 49%, hypertension 67%, arthritis 50%, type 2 diabetes mellitus 26%, stroke 10%, asthma 11%, chronic heart disease 9%, congestive heart failure 4%, chronic obstructive pulmonary disease 8%, cancer 8%, and chronic kidney disease 5%. The results of the present analysis suggest effects of CRP and sTNFR on functional limitations and disability independent of these factors.
Studies of clinical samples have shown associations of cytokines with physical performance, muscle strength, and body composition. Toth and colleagues (4) showed that chronic heart failure patients had increased IL-6, sTNFR2, sIL-6R, and CRP levels when compared with healthy controls; these levels were inversely associated with aerobic capacity. higher TNFa levels were correlated with lower skeletal muscle mass, and higher TNFa and IL-6 levels were associated with reduced leg and forearm muscle strength (4) . The same group also reported an increase in circulating sT-NFR2 and reduced insulin-like growth factor-1 levels in old (72 ± 1 years) versus young (29 ± 2 years) volunteers of mixed gender and showed that sTNFR2, CRP, and IL-6 concentrations were inversely associated with myosin heavy chain (MyhC) protein synthesis rate (39) . Intriguingly, in the present study, a less favorable body composition, as indicated by lower LBM% (increased fat mass%), was associated with a serum adipocytokine profile of higher sIL-6R and CRP and lower adiponectin levels but not with sTNFR. Moreover, there was no association of any cytokine with handgrip strength. On the basis of this finding, we speculate that much of the association of CRP and sTNFR with functional limitations and disabilities in this population may be due less to effects on crude muscle strength and more to negative effects on cognitive processes required for some functional tasks.
Mechanistically, however, there is strong evidence of cytokine pathway involvement in skeletal muscle atrophy. IL-6, TNFa, and IL-1b have been identified as contributors to myofiber degradation and skeletal muscle atrophy (40) . The TNF and IL signaling pathways can regulate DNA fragmentation, apoptosis, and atrophy in skeletal muscle via phosphorylation of I Kappa B kinase and activation of nuclear factor kappa (NFκB) (41, 42) . In skeletal muscle, activation of NFκB induces translocation to the nucleus where it binds to DNA and increases the transcription of the ubiquitin e3 ligases Atrogin-1 (aka MAFbx) and muscle ring-finger protein-I (43, 44) . These events also inhibit myogenic differentiation by both suppressing the transcription and promoting the degradation of myosin D (45, 46) and also inhibit the transcription of MyhC (47) .
It is not possible to elucidate temporal effects of cytokine activation, changes in body composition, muscle strength and physical performance, incident functional limitations and disability, given the cross-sectional nature of this study. Although an effect of CRP is common, the otherwise differential cytokine profiles associated with LBM% compared with physical performance, functional limitations, and disability suggest that changes in body composition may be driven by different factors than functional changes and disability; it is possible that one may precede and predict the other (Figure 1 ). Such associations may be driven by an epigenetic interaction of psychosocial and environmental factors with high frequencies of (adipo) cytokine gene polymorphisms in the African American population. Welldesigned longitudinal analyses are required to examine these hypotheses. It is also possible that measurement of IL-6 rather than the soluble receptor could have resulted in different associations with body composition, functional limitations, and disability.
Some selection bias may have occurred in this subsample of the AAh study cohort as participants with full data available for this analysis were older and had higher BADLs and LBFLs when compared with the rest of the cohort. Nevertheless, an underrepresentation of younger, less functionally limited, and less disabled people would tend to reduce the ability for this analysis to detect significant associations with these outcomes.
It is concluded that higher CRP and sTNFR are associated with disability and physical dysfunction, independent of underlying chronic conditions, age, and sex. higher sIL-6R, CRP, and lower adiponectin associate with lower LBM%. Temporal associations between body composition changes, cytokines, and progression along the disability continuum require longitudinal study.
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